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(54) COMPOUND SEMICONDUCTOR LIGHT EMITTING ELEMENT AND ITS 
MANUFACTURE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a compound 
semiconductor light emitting element which is suitable for 

mass production by forming a metallic thin film electrode ^ j 

containing a dopant of the same conductivity as that of a ^ ' 
compound semiconductor layer on the semiconductor ; „>V 15 13 / J7 

layer and an electrode which is bought into contact with 
at least part of a transparent electrode formed on the 
thin film electrode. 

SOLUTION: An Si02 film 11 which" becomes an 
insulating film is partially formed on the surface of a p- 
type GaN layer 7 containing Mg as a p-type dopant and 
a metallic thin film 13 containing Mg which is the same 
p-type dopant as that contained in the GaN layer 7 and 
an ITO transparent electrode 15 are formed in an area 
where the Si02 film 11 is not formed on the surface of 
the GaN layer 7. Since a P-side electrode 17 for bonding 
pad which is brought into contact with part of the ITO 
transparent electrode 15 is formed on the Si02 film 11, ■ 
the transparent electrode 15 can be formed easily 
without sacrificing the ohmic property of the electrode 15 by the action of the metallic thin film 
electrode 13 containing Mg. 
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[»»] *jg3Xh*5<g< > msmtcmv. t^-v% 
mmm w t -/ tss i ©_h(t g a ? 7 t 

S3. nIGaNI5, paFwO|.©Mgmp 
9G a NJH 7 gHJLfcnffiG a N15 © 
±{C. p8GaNfl7£lftiW£NIMff9*£jffir 
S. pMGaN17©±tcS i O, JH1 1. StfpSG 
a N S 7 4 H- p a F - /< > h ©M g $3tr£BHMl* 
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>^ ^ > v mpmmm 1 7 *»sw*. 
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St*-:? 7 -( 7SfeBc*&5Uc3l 1 I n x G a y 
A 1 zNJf (x + y+z= 1, O^x, y, z^l) 
t. 

mi 1 &*£!G a NB±{CfiSS 0 fcSF 2 zfSS I n x G 
ayAlzNf(x + y+z=l, O^x, y, 
Di, . 

B$23S£GaNJ|£tttt;*ft> ftffi$l*S£In 
xG a y A 1 z NJI (x + y+ z = 1 . O^x, y, z 
^ 1 ) ±(C#J83tifc# 1 m®i . 
h5IS^2^^MI nxGayAl zNg(x + y + z = 

i. o^x, y, zzd ±<D-ffimicmi&3ntcm 
mmt. 

mife^2^^ai nxGayAl zNJi (x + y + z = 
1. 0 £ x. y, z * 1 ) J&mElfiMiWtflMHtt 
©W«CJIBfc3ftfc. Bul2m2^^ InxGayAl 
zNJg (x + y + z = 1, Oix, y. z ^ 1 ) ilsj— 

gE#JIIiiKSSJ»JiRS ttfcj§93m@4 . 

[ 11*9 2 ] Ga NJMb£«N|£4rWJI*>6ft£ai9 Hi 

?7y-f7»R±K:Jin*«£I nxGayA l zNi 
(x + y + z = l, O^x. y, z ^ 1 ) &J3ftStt 5 
UB4. 

^SfllH§mMI nxGayAlzNi(x + y+z = 
1, O^x. y, z£l) ±CtJfl2ji^§9GaNJf£jjK 

tJSB£l3MSI nxGayAlzNJl(x + y + z = 
1. O^x. y, z^l) ±{CSJrgB»2*«SSGaN«| 

1 «fi*3BfiS'f 
luia^2^^MI nxGayAlzNi(x + y + z = 

l. o^x. y. z & D ±<D-mmicmmzMtfL 

B«f3^2*^!I nxGayA 1 zNi (x + y + z = 

i. o^x. y, z^d ±<Dffi%mmmBmm®m- 

(Dfflm., mzm2mnm I nxGayA lzNKx 
+ y + z = l. O^x. y. z^l) iRMWIfflK- 

s^nit h^&±k: ag&ms* $j£-r sxg i . 
B(riBitei»ii±{c. &tt<tt>iMBB9mmD-Bt#t 

[5**^3 ] G a N^bg4fc¥*#JI4>&£«K9 Hi 
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9&7 r A 7S&±K/&6l,/cJ& 1 I n x G a y 
A 1 zNi (x + y + z = 1. O^x, y, z*l) 
i. 

f^l^SI nxGayAl zNH(x + y+z = 
1. O^x, y, z^DlKUIlfe. ¥lfc»l£W 

•fS^2^mSI nxGayAlzNl(x + y + z = 
1. O^x. y, z 1 ) i. 

K^2^mMI nxGayAl zNI (x + y + z = 

i. o^x, y, z^i) ^tftttsn. mmmimmm 

I nxGayA 1 zNI (x+y+z= 1, O^x, 
y. z^l)±{cM3nfc$ltii. 
m^M2mWMl nxGayA lzNi(x + y + z = 
1. O^x, y, z^l) <D¥mB®VW(Dm±lcBl8. 
?llfc, B«ie^2ii^MI nxGayA 1 zNI (x + 
y+z=l, O^x, y. z£ 1) 4|§M*«SK-/S 
>h££tf 

frB£2£SS9I nxGayAlzN|(x + y + z = 
1. O^x. y, z^ 1) ©4Mft«W±{C«fiSgn. 'P 

[»*54 ] Ga NJ&b&«M$*fM*>6£$K9 Hi 

•?7r-f7*«±«:linzgmMI nxGayA 1 z NJS 
(x + y + z=l, O^x, y. z 2 1 ) &J$ft3-t*£ 

1 &n$L I nxGayAlzNl(x + y+z = 
1. O^x, y, zZl) ±tcWKMM&tTiMm 
mmi nxGayA 1 z NJI (x + y + z = 1, OS 
x, y. z^l) fcJ&BS-tfSIIii. 
m^mimmmi nxGayA lzN|(x+y+z= 
1. O^x, y, z ^ 1 ) ±(Cfjge^2^liSI nxG 
a yA 1 z NJf (x + y+ z = 1 , O^x. y. z^ 

i) turn? zmi zxmt> 

m&m2mWSLl nxGayA 1 zNI (x + y + z- 

i. o^x. y, z^i) ®¥tmmim<Dm±ic. m 

f^2^m^I nxGayA 1 zNJi (x+y+z= 
1. O^x. y. z£l) t«HIHF-/<>htd 

»^««*«^btc j89! Wi* JgjST SI8 4 . 
iJffi^SMffll nxGayA lz Nil (x + y + z = 
1. O^x. y. z£l) CWMMMLhtc. il>&<£t> 

& Jiff l> fc c t *#$t <t ? *tt£«ti£am8%*?<DK 

®m 

5 ] G a A s *{b^*«(*M^ 0 
!&1 &mSGa As 

itm 1 ©m^G a A s SfiJbtcffJfL^tHKJKD A 1 G 
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a I n PJgi. 

ChhA 1 Ga I n PII©&±lf K«$*lA:?i?2&m 
SGaA sHi. 

Mi. 

BUlB^2 gUMG a A s B±©i?l^iSJi^^^«^ 
©»«tc»)«3tifc. B?iem2^mSGaAs®i[^- 

mmm F £#fc£Jii?f urns*. 

ffKlfilMlftc Jftft 3 *i. 4>fc < <t *> Ml ESIBSS©- 
1 ^m^G a A s glgUffiKJ&S;* Jifc* 2 m@ 

4 *jmi u fc t t t r * f fc^w^H*****. 

®l2»mMGaAs*SJ:(ca^B(DA 1 Ga I nPJf 

zmmz-ezxmt. 

CtihK IGa InPiOftJ:IKf2iiSGaAs 

as& 2 «^sg a a s m±<o^mi£mmmm 

Mian? 2 ^ssg a a s m±mmmffl&mmmn 
<om®ic. m&m2m?$MGaAsmtm-wmm'-- 

m&mmmnm±icmimm£ mm zxm t , 

zmivmmmzxmt* 

mmm i mmm.G a a s a^Mtt is 2 mss^-ir s 

*©«j§m 

[ w«a 7 i m^mma. m 1 -pus a 1 g a 1 n 
pmtb&wtm 1 ^^sg a a s mv$>z> c twmt 

ztizctzfttiktrzmm 1 ^luw^oit^m 

[0 00 1] 
[0 002] 

[ft*©&ffi] «mf<fc«5. ^ttft£*FOH&#Al 
GaN« I nGaN. GaA 1 N^OGaN^ft^* 

ed) *>u— «f^-r*-F (ld> io-cae^nri? 
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fc. 

[0 00 3] C©GaNXft^**(*B#*Kt. It 
^7^fcttft*tt3Sirc*Sfca. GaA s 

mm*®* 5 cc£&m«:*&£Rtt 5. c t tfivt to 
«**Kj&drr 3 etc. ^T-frifi 

[ 0 0 0 4 ] m 1 2 s£fc©G a timt&wzm»& 
§@9, 1 7^T«:fDiw6nru-5. if^T-fTasi 

©TtCiiGaN^^Ti3, nSGaNi5, pMG 
aNW7 3WISaJd»l/ , Ct»*. pSGaNJf 7©-gB# 
x ^ > 3 tiTStb L//c n MG a N jf 5 K NiJH 
*9 plGaNI7K Pflffltfi 1 7 tf$j£3 *ITI> 

ctibpmmmn tmim®9i>\ O-V VIS- 
AS 3©±«:«^-^ FfO«ltti«i)M5 

>h3*vc<,>s. 

[ 0 0 0 5 ] t<D£ 5 toffi&OG a NXft&tt¥*ft:& 
WPCtt. ^©J^tCn^GaNJIS^/M/TpSG 
aNJ17*6N«W69^l»lW-C«fcWfctl. niGa 
NI 5 i pSG a N17 i(Di^lT^t/fc3fe^ 
7 t 7S« 1 £31 bTBK 0 tB $ ftS. 
[0006]-#. GaAs, A IGaAs, A 1 G a 
I n P^©G a A s 3Rft£«¥Sfttf8*m»fc*BiaR 
*fe^e^©l^lc^'f^-K<!:0T^ffl3n-C 
C©GaAslfi{k^^tt^7^^« t GaA 
s«S±«:«^@©A 1 Ga I nPl^il^t, P« 
^®*S^ttNfflijm@©-^?:A 1 Ga I n PJI<M&t> 

ffe^^G a a s simtc^r 2. 

[0007] xmm-cm:Ltcftz. mmv&hinzc 

tto<A \ Ga I nP mmfrZWOmttcMC, WfaZ 

[0008] 01 3«, fie5fc©GaAs^t#Bj¥igft 
m&*<Dmmim®-e$> nSGaAsS«31© 
i(CnSGaAs^";7ri33, nfAlGalnP 
KB3 5, A 1 Ga I n PrS&Jf 3 7 , pMA 1 
GaInPi'7^K13 9, pSA 1 GaAs MffifatiSl. 
Mbl, pg?GaAs3>^:5'hJi4 3^IiS;*fCVi 
pSGaAs3>^? H4 3©±{CPflJH@4 9 
nlGaAsIS3 1 ©gStC NflMtt 5 1 1)Wf8. 

[0009 ] C© 5 fc'5%«jt©GaAsS{k^5¥^(* 

mtm+vte. pfflijms4 9*e»ifeni>m^ psa 

lGaAs®Jgffi;tfeS5 7rffi:tJ[3nrAlGa InP 
Stt®3 7{caASn > A 1 Ga I nPrStt)13 7ip 
MA lGaInP^7fh*J139 i©g^ffi-CI63feU/c 
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pw«fi4 9 ©«*>&«») asfi*. 

[0010] 

m&iBmm® 5 5 # - K 7 U - A 5 3 ©PeK> p n g£ 

<i-^cim^w ift©-5x^^e.Knss 

4. *fc. •;-K7b-A5 3i^i©v5>f-fi[s: 
fit &tmm s^sr 4 fc* . mm mem 4 4 1 > 5 ran 

[00 il3t^L/cj|*OGaAsM 
#Bj¥gf*f£feJ5W- T«. plAlGaAs mjfc&tfcJS 
5 7 ©f3W»T*5 4mifoiH-#{tftifc;*ft-f . 
Piffle 4 9©I:T©A l Ga I n PtSttJI 3 7 ©&K 
®fc#&A3ft. !8#Lfc#*»PflflWi4 9 Kjl^ftT 
+#SCIK 9 ttitf& < ft 4. 4 4 . 

ft£Kr<?K:«pS?A l GaAsIMH!i5 7*Jf <■*" 

[ 0 0 I 2 ] 3 S£*0!!4 br#Pi¥7 - l 3 1 0 
7 0 © J: 5 +-5? *Sl^8tt£^-f £JI©j§Hj2f 
S£4. #©&Sa#fc**^$£#oj§9JSI«B&4 
©iH#gi>-&6&£3tn:i>4*>. *Vs-?*y</ifi& 

[0013] *!6Wtt«±©J:5ftWlll«:«l*TrtSn 
[0 0 14] 

[«II*»»W4fc*>©*«] ±j*l/fcB»*SftsW4 
fc*>. *IMI©III1 <W6W©»««. GaNS{t^ 

9 1 iI*MG a Nffl 4 . 8S& 1 a N SLhfcfiSfi 

Lfcffl2iI1i3?GaNJ14. KJg2gH§?GaNJf 4*g 
H;* ft. ffiSSB 1 *^MG a N JB±{CJBS 3 ft/tig 1 * 

fcttwi 4 . iiufajfr 2 ^m^G a NS±©grga»»g0& 
mmmin<m®tcBf8i$titc< mummw&G a n 

'»4B-SWS F-^> h £^t?£JSiflg1IS4 . g& 

WI£*Jl*l,fcC£K:*4. 
[0015] »2<DA9i©4$ft«. GaN3Hb£^¥i£ 

wife 6#*ir o ffiT<b£$¥gf*i^*©gij£;fr& 



"C*oT. ?7r^7ai^«:flna«fflGaNJi*J5R 
£3tf4I«4. &Hni§mS!GaNJI±<Cf&2iggS? 
GaNS£J&ft$-tf4Ifl4. tte*l**£GaNJI 

±icm&m2m?mG a NJi^MtK-r^m 1 
? 4ig4 . tatem 2 *«£g a ns±©-spm^«:«5 
«is*?Bfi8-r *m <t . mmm 2 « hmg a ni±©b« 
mmmMmmAKvfflm . ftsesi2*«£GaN 

J14B-WI& F-'O h &Str£jR!tgt«&&j&£-*- 
4184. K^)i»JR«S±(c2WSS*^^'4Ig 

10 4. i^Bi»a«±{c. ^*<4fcMffij8wss<D-si54 4 
mnmz mmzmis.-? 4 is 4 « jui 0 fc c 4 tc* 

[ 0 0 1 6 ] m 1 StfJ^ ©2S$(C J:fttf . 
«RflH*»6**K») aTjWBtffc < . ^S«&Sft4 
GaNJWB*»6**K»)arc4*i"rt*. J&l&tfgf 
2^@>irSK:GaN)Sfflirafi£-C*4©-r, -?9>Ha 
HHfi#$JI4&9. £Mfe#fiJ;f 4, ^2mSTtc 
4©T, *2WttTrfBW4Ci#fc 

20 jwufnsft, *-f*«*»)3W:<B{ci^±-r4. 

[0017] *3©»ii©1«Rtt. GaNXttdtME* 

tllGaNli, »3tl3i*MGaNIB±«C«£fib 
fc. $ttSJi££-f4&2$*£GaNff4. KJ|2# 
m^GaN^4^$ft. jfrfSSfl 1 «^MG a NJf±K 
M^fcf 1 *®4 . SflfBf& 2 *«SG a NJI©¥*g 
^«^©S±(C^3 ftfc. Buffi® 2 mnMG a NJ1 
4Pl-^mSKwOh^t f ^»Jim®i > K^H 

30 mmmm±i,ciiM2titcMwnmt. mz^2mmmG 

a N»©**SSM±{c0jS3ft. >PU < 4 femiB^m 
S©-a34S-r4^2^@45rA{iUfcC 4(C*4o 
[0018] X4<0WR<DGWt. G a N XfkfMSMfMV 

tfcot. -^7TY7»«±(C^l#«aGaNJl^ 
S5-B-4I84. 1 3ISSG a NJf ±{C3M&$RJI£ 
W^4^2^ESSGaNJi^fi§ti-4IS4. KTIB^ 
1 «mMG a NS±ttS>rfef&2 ^^sg a NS4^-T 
4^1^S^fiST4Ig4. B0ie^2^«SGaNl 
40 ©^^Bt«1-©Ji±{C. BfllEm2^MGaN@4PI 

-mmm f-a> h **t^R»wMi^fiW4ig 

4. S^JRm«&J:(c39i«fi««ii»-4Ze4 > Sir 
IE^2^^MG a NH©*|fe^g±CC. < 4 feSJSB 

S95mg©-gp 4 srr 4^ 2 *fi%»is-r 4 is 4 

<tUfcC4(C*4„ 

[0019] »3»C«l4©»9!lCj:ti«, ^2^SM 
GaNJi©»2«fiT«***(ftlWi{CUrc>4©-C, 
^2iimSGa NS±fCttSK*^-r4i^*J*^fc 
4Stt*5|*I±-r4. ^2f^ST^2^^GaN 
50 Jl©¥iSei|fJI4&-?TU4©-C. «!l[3^a9iSfli4&|R 



[0020 ] *5©891©#ftt*> G a A s *{k£05* 

r. #l**£GaAs&&4. ggll agtiSG a A s 
&8LkK:fMLfctft1M©A 1 Ga I nPIi, Cft*> 

a i Ga i npm<DWc±mm^titcm2mmmG a. 

Asii, R* 2 «mSG a A s H±4>-flfflWcftJ£ 
$ttfc|g|£M£ . 1916312 * SS!G a A s S±©iTISiffi 

Ga a s ji tm-mmm f-a>f &str&jn*jK*s 
t£Sf! i mgi , «rejit i arasG a a s staistc^ 

tifc^2 ^@£ £JMI btcC £££>*„ 
[ 0 0 2 1 ] * 6 0&9i<Z)ttStf2. G a A s JRft£4S¥ 

&T&^T. J&l«m^GaAs«fi±K:«ij[JI<DA 1 
Ga I n PmZmmS&ZXmt* Cft<E>A IGaln 
PJi©fLfcJ»(C#2 iflGa A s m*BfSS*>JM 20 

i . &g 2 »i§?g a a s m±.<D-®tmicimm&B 
mzxmt. m&m 2 mtm g a a s s±©mrf 

M*AIIIft&PM>IMtC. MIE02 «mSG aAsli 
gi. 8E*liaWWftJ:«:j»P!«fi*JBiS-r4igi. 

tjeieiMLfcfc. d>ft< £ ^Buiaswmso-gpist- 

Sfff 1 -SIS £ . Ml Big 1 a A s 

fflSafflB«:»2 «fi*««-T *Ig£ £=P«IUc t £ (C 

[002 2] OmilCMt. m>WBB& 30 

IWB8GaN)i«:»*A<aASn4. C©toi> t Hi 

[0023] mKommomut, m5x.vm6<D&w 

Ktol>T. mfie^Jg«. SI lag^SA 1 Ga I nPl 
£>SWi3ll2£«g3GaA sIt*5CiK*5. 
[0 02 4]»7©»WtCj:*i«. gf2g«S9GaAs 
JBitC. tft£pn£*££T511ll2gSS©Al Ga I 40 
nP«**C»ttGaAs||*JgJ«-rft©'C. IUSS!fi&:fr 

[0 02 5]»8©*WI©«*tt. *17JS*7©»JJ 

-5C£CC*S. 

[002 6] *8©»W(cj:*i«» &KMMS*qEtt 
t?&<. Att{c^»i/TEB-c**©r. S^ms?r/r 

LT«foTSfc****2a«£G a Asl^$I< 
[0027] 50 
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s^c»TB»rr«. ai~3«> *»g©*-gtHHi 

tc<fcb£ G a N^tefMNSfHttKTOHtt^ip 

[0 02 8] *r. t7T-f7tSlOlKGaN/<? 
77/13, nSGaN«5. KCFpfiK-'OhT** 
Mg£#trpMGaNS7££Ji/&K£tf£ (0 1 

(A) ) . *K. pgGaNJ17K:PEPffiK:J:5rC$t 
-i>yix?f>^m», nSGaNJI5£g{iJ$ 

fflUcnMGaN^5©±{CT i/Auf^U p 
SGaNg7£*fe»3n-5NffliJ«&9£ i ;7 h^&K 
J^TJftfrr*. ah- 3 ??ttff4-f&fc2t>(C7 0(TC 
r2 0«-nB©T--^*(f5 (01 (B) ) o 
[0 02 9] C©&, fcCVDft«c«fc»K 16*84 

sio, mi limm-rz (02 (a) ) . sio, 1 

11*. PEPffiK<fc->r-»««*3SLTAir-i> 
pI>GaNJI7©_b©S i0 2 Ml laWBlKS 
ntl>to«lC, ^RMRSfil 3£ft*Mg/N i 
= 1 nm/2nm£3£&T£„ &<,»T?. RF^A^ffiicJ: 
oTjf 3 1 0 Onm© I TO (indium Tin Oxide) j§9M 
Ml 5tJMtl/ft:ft. htf^fSC^CcfcoTpS? 
GaN|7iB-pSF-;<> hr*£Mg££tf£JS 
1 3;»£;**l£. £Jffifg(*S 1 3 £ p^G 
aN17 4©IB©#Htt4;h- 5 9 *14£ft±3tt£;fc 
*. 5 0 0'C. 10^©T--JU?rtf^ (02 
(B) ) . 

[003 0] 3 PEPffitC«t-5^-^-->^ix 
•;f>^fl>, SiO, Ml 1©±(C. I TOW!* 

gi 5©-8P£grr*#>?v >*o-c., KfflPiijmsi 

7*Ti/AufTMT5. C©^f, NfliJH@9£?S 
iO z )il lfe^SfclfcfeU Ti/AufO#I 

fcjf-A-a- h?Z (03) . 

[0 03 1 ] CCJc^tcH-Hte^-rtt. pfiF-j* 
> h-C*iMg*^t?pSGaNg7©±©— 
K, tmm 4ft 6S iO, Ml l*qUfiRSnTC>4. $ 
6fC. pSGaNJ17©±©S i 0 2 Ml 10ftJ&3ti 
Ti>ftC»ffWc. pSGaNI7iH-0DpIF-/O 

S@l 5*s^3tir«,^. S i 0, Ml l©±(Ctt, 
I TOSBJ^Sl 5©-gP£g1--5#>7 t ^ >df^» h* 

[0 03 2] IT02Bjm®15«, nST^»r*S 
Sn^tf/c©. -»KpI8GaNR7©±KttJiafc-C 
*U9irtt; pfiGaNM7 4ifct8W*-5» 
^©JKO^-n»Mg**tf^«»gBI«l 3*. ^feU 

»c*fLT7 o«©aji***-r*j:5ai»sr** 

2nm©/f$r^U > £6K£J!SM«@1 3©^>-h 
JKi*ftj*S**fc©«:*3 1 0 Onm© I TOSHjmS 
1 5*»fiJiLTl»*. 
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[0 03 3] C©/c«>, Mg££tf£)S«JgmSl 3© 

0»9«* 1 5 £. *>7W>^* 

FfflPHWMl 7#I TOaHB«Sl 5©-SUigUT 

[0 034] B3(C^-TJ:9(C. *»W©GaNJWfc£ 

k, -9-7 r -rrsK i <mii>t>%im m-mm 

<. nSGaNB5ipSGaNB7i©^jl*>6IE 
li9, 1 7*TO3ftSGaNJH»J#> 

[0 035] CttfCj:*). 04©<fc5&C. tt#l»iH* 
2fe)fcJ£^-£# v jfQV — u— a i 9«:RMl/TNf!l 

PffllJS® 1 7 i PMS©g^2 1 i*7-YT#>7 ; ^> 

[0036] #>r-/>y^--? FfflPflfSttl 7 
I TOSWWi 1 5©±<cif &£jffi4-&©Tlitt 

<. j&tsist&ss i o, m i©±ki Toawis 

1 5©-8Bt&T4<fc5(Cj&aOT<,>*. c©tt*» « 
*#PW© I TOSHttff 1 5 *rt-UTj£t*3ft. #H 
1 3 P 3!G a N@ 7 K3MEA < &A3 

[0 0 3 7] nSGaNB5©l5-ffi±{CNffli]*®9R 
WB&WgS£&»>> 4*tt*J|S|±-r5. 36tC> IT 

omwmmi 5#Bi&2tix\,>ztmx7--fr?zz 
tic**), smtummi 3ifi7--A>tci:^xn&m 

•fex±©^iuiff©$ijaptt©igTi. **«c#5»3fc* 

*© I - V#tt©S{t£igWS C £„ 
[0 038] SiO.111. £JI?Sli§@l 

3 . i Tommwm 1 5 . ROW >f * > 9 F« P 

(A) . (B) ©<J:5(C. Xyfiltitrt? FJlPffi* 
gl 7#£«»lBiS«l 3Rtf I TOSHjmgl 5©S 
*«c»T5aBSrfeS< . 4>ft< & fc I Toswmsi 
5©— SB{cfilt/Tl>n«H(r>fe©r*5. i/c. 05 

( C ) © «fc 5 pSGaNI7 O-tfffWK^Ifitl 
©2 3 (04i. ttftttai) KU C©*»»12 3©± 

CttiCjtfitt. S iO, ftl 1*»JST* 

[ 0 0 3 9 ] 3 6tC» #H*JimS 1 3©JBKttsiM*t, 
fc«tt?ft<"CMK. m«06©cfc-5tc. &B©A 
«{cBBOTfefil». C©«fc^{c^fl|^)imSl 3*m 
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[0040] fcTFJt, *^W©^-Hm<SI?r0BD{cS 

-^■cKwr*. 07~9«. *^Bj©^rnft^(c 

%t>i>G a A s £{t£«^ft263^^S?3£:&££^ 
-fW®8li£0-C&S. 

[0 04 1 ] nIGaAsIS3K0i(CnSG 
aAs/<>7Tl33, nMA 1 Ga I nP*?» FJi 
35. AlGaInPStti37, pMAlGalnP 
FJB39. RDfpfiF-^>F-C*SZn**tf 
pSGaAs3>^H4 1WXH3« (07 
(A)). pMGaAs3>£* h@4 l©±©-gp^ 
n§!A 1 Ga I nP&£l>»n£Ga A s<D*X 
•7Vv9m4 3*J6lSS*Z (07 (B)). 
•[0 042] %(C. pSGaA s3>^^hJ14 1©± 
CMt»^'Ot»i'J14 3*l»J«$n , CC>tt«,>«l«{C. pS 
GaAs3>f^H4 1 &H— OpSF-'OhTft 
£Zn£$tf#JISM^@4 5£. AuZn = 5nm. 4 

3 0'C, 1 5£4>S'»tcJ:??«0rr<S (08 

(A) ) . 36ft. Sifc:/a7*a4 3££JjanR«& 
45©±tC. I TOjS!8«S4 7%»BJ1-S (08 

(B) ) . 

[0 04 3] ftfttc. W&tfv v t?M4 3©±© I TO 
aW«« 4 7 * x * * > L fcgt IT CtiS9!*fi 

4 7 pfflijm@4 9 tmmc, 

niGaAsIS3 1 ©KffiK:NffliJS@5 1 *»fiW* 
(09) . 

[0044] C©<fc 5 KfrrJEIBKB-Ctt. PfflJmS4 
9©Tfccnipnil!S^-r'S> nSAlGalnP* 
5WJnSGaAsOijS^o^i434Ml, P 
ffl*«4 9 OBTKWi&fimi S C i «8Lh LTt»*. 
PfflJmS4 9*si TOj§BJm@4 7©-gB£8L 

09©i^«: > 1 Tomwnm i 

ZftbXmSlZft. A IGa I nP«ttJI3 7K:$&$& 
<aA§nS. C©»*. AlGa I nP*Sffii3 7i. 
pSAlGa I nP^^j FB3 9 i©g^ffi{C*Jl» 

[0045] «ft^a?9IB4 3«GaAs« 

nJfilrabii^tC, 0 1 3T^Lfc]fC>pMA 1 GaA 

[ 0 0 4 6 J at*»; miiS^n ^14 3, 
4 5 . I T 0»««ft4 7 . KCfPMS«i4 9©«JS 
tt. H9"C5%l/fc«jt«CB6-r. 010 (A) - (C) 
©ct-5{C. PHJH@4 9#£JIi??lim@4 5Rtn TO 

aw«fi4 7©n»{c«r*«ar«>ii<. ^<i«> 
i to2bj^S4 7©-gpecgur^n«a^«>©'C* 



(7) 



10-173224 



11 

[0 04 7] gfc. «ifc/n 7?Jf4 3 « 4 nSAlG 
alnP*Sl,>ttnSGaAs'C*M'Stt*<, Si 

». 010 (a) - <d) Twr«fc5tt«fitcr*ci 
mmx&z. 36(c. &intM(«S4 5(D^(i^r 

Sfc. H6©J:5&«»©JMffK:l»{/Cfefit,». 
[0 048] &±8m OX *te*|6W©G a N£fb£» 
#*f*»*aW4f&*©*ft£©» I -V«fft 
ffl*«tt*tt»Ote^57*Hl lKflVT. H«t>. 10 

fc#T4«ttn*«Ett*»JI!> ft*£«:3. 8 V. 
©£tilftt^7 0Mwr&&©cc#u #f£9J©^ft« 

i o o uviti^m^mmbhtc. vx^wnv 

©1 -V»ttt>m&©tf6^tfc^«:4>&<. 

[ 0 0 4 9 ] fcfc. jr-RDW-IOBKBr ». GaN 
JI£ t/CMBl/fcff. C*UCBUg3n**© , C*< I n 
xGa y A 1 z NJf : x + y + z = 1 , O^x. y, z 20 

*fc. dmmsi3, 4 5 ©#84 0 
TNi^AuZn. S9jS«15, 4 7©tTO4l/CI 
TO (Indiun Tin Oxide) £/Bl>/c# t t*l(tRg64>© 
■Cttftl*. &0HHRS&13. 4 5 ©#144 L 

T«. AuBe, AuMg, AuGefCpSGaNI 
7*5WJpSGaAs3>f * f-B4 ItcftTi K- 

4 7K*fr4»itt|*Lk©fc«e>, #H»MmSl3, 4 
5£Ni, AuZn. T i /Au Z n^©£Jf1iii4 b 
Xi>0ki<\ 30 
[0050] S6(C. &|JfltR*ffl 3. 45£*-S 
7*Sfi4r&fcat>©2'>*H:. £JS*f Ji^g 1 3 . 4 
5 &&& I tc$tff t X tfil > 0 . IT OSW^S 1 5 , 

4 7 tJBtitt/fcfcff-aTtAl*. 
[005 1] 

[»»©»»] «±. ^«©ft^4SW8B3iaK?-ft 
Cft©Hift#8«:j:*i«. {b#8j¥gf8S©±K:c*i4 

©±«C«JSRSnfcj8iH«S©il>ft < 4 fe-S|$4jrr4« 
6£B»£t/fc©r> 4aa*h#fi<. MHttcMLfc 40 
Ib^*******^ s c 4 #r * s. */c. 
j^*S©TK«»K&£*Rit. SmWFtttlit 
36*»n<ti»J:^KL)t©-c. %%ffitc%«g<*ifcPife 
nsfca. +»«ciBft/<9-©*3WR»)a*4. 
[BB©*«ftim] 

[H 1 ] 3MW©»-WWHIK^«Wt*ffi*jiVJ- 
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»riB8Jj§0. 

[02] H 1 (Ctt< KHflNKH. 

[0 3 ] 0 2 JCi£< G a Kmb&mmfof^WM 

[04 ) f-IMl^^** v »-¥7l> 
-A 2 ltcSgLfcKiiS. 

[05] m-m&mtc%t> z p fi^^ja©^©^^ 
[06 ] iiiiii®f6©itti/Ttma 

[07 ] *«W©»rsttHB»KftfcM»^*7j*-r 
Brffifcjt0. 

[08] B7(C«i<IKIffltfiB. 
[i9)S8(Ct<GaAs JMtMMPSftlfi**?© 
ftiB4t&Bi. 

[010] 9Zl||{t^S(Cffi43«Pffi«ili]2t©ttO* 
i&£*vriM$£0. 

[0in xmwtum i -v»ii&tf#a«j«tt* 

[012] ^©G a NjMk€«MHMtftX*?©ra 
MSB. 

[013] S£fc©G a A s ^fc£«&ttftftX*?©0r 
E#i§0. 

i u-^wtk® 

3 GaN^^rl 

5 nSGaNi 

7 pSGaNi 

9 NflfWi 

ii s i o, m 

i 3 &mmmw.m 
15 iToswms 

1 7 tf">7^ >*A«9 F/SPMttfi 
19 *?7l'J-F7U-A 

2 1 P{BJH©SKP 

2 3 ¥Jfi*IB 

3 1 nSGaAsIS 

3 3 nSGaAs«'?77g 

3 5 nIA 1 Ga I nP*5» FJf 

3 7 A 1 Ga I nPrSttJS 

3 9 pMA 1 Ga I nP*7? KB 
41 piGaA s3>^i»H 

4 3 fcifc^P ? *a 
4 5 £jRSltS& 

4 7 ITOSBJH® 

49 pm*m 
5 i Nmmm 
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